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Rupture of atherosclerotic plaques in epicardial coronary or
carotid arteries may lead to myocardial infarction or stroke—the
leading causes of morbidity and mortality in Western countries.1
Thus, timely detection of these unstable plaques before they
rupture is a great medical need.2 Non-invasive plaque visualization
using duplex ultrasound, computed tomography (CT) or magnetic
resonance imaging (MRI) provide the advantage of longitudinal ana-
lyses, but limitations exist in terms of moderate spatial resolution
and exposure to X-rays when using CT. Hence, their sensitivity
and specificity for detecting unstable atherosclerotic plaques is
moderate. To optimize the cost–benefit ratio, we need to tailor
our tools for identifying patients with increased cardiovascular
risk harbouring plaques prone to rupture.
Ideally, high-resolution plaque imaging is combined with one or
several emerging biomarkers that provide incremental information
about plaque biology and patient prognosis. Adding to the wealth
of experimental, clinical, and epidemiological evidence that ident-
ified inflammation as an integral element throughout the different
stages of atherosclerosis, biomarkers of inflammation have been
validated in clinical trials.1,3 Among them, C-reactive protein
stands out as the prototype inflammatory biomarker that adds
valuable information in terms of cardiovascular risk stratification.1
However, in the absence of firm evidence for a causal role of
C-reactive protein in atherosclerosis by applying Mendelian ran-
domization for gene variants in the C-reactive protein locus,4
C-reactive protein does not meet the criteria of a cardiovascular
risk factor. Several additional inflammatory mediators involved in
experimental atherogenesis have been tested clinically with
regard to their prognostic value. However, short half-life, low
plasma levels, and susceptibility to both in vivo and ex vivo con-
founding factors such as altered plasma levels by heparin or
release from platelets during coagulation complicate the quest
for THE biomarker of cardiovascular risk. Moreover, given the
complex interplay of a multitude of inflammatory mediators in
atherogenesis, it appears likely that a set of multiple biomarkers
will be needed for complete risk assessment.
The ideal cardiovascular inflammatory biomarker is a stable
protein, sufficiently present in a non-invasively accessible compart-
ment for cost-effective and reproducible detection. Reflection of
the stage and progression of atherosclerosis would confer both
prognostic value and its implementation as a monitoring tool for
emerging anti-inflammatory therapies.3 C-reactive protein does
not combine all of these desirable criteria but, to date, portrays
the closest approximation. Therefore, the characteristics described
for C-reactive protein are what emerging biomarkers such as
RANTES need to run up against.
The CC chemokine ligand-5 (CCL5/RANTES, regulated upon
activation, normal T cell expressed, and secreted) is an inflamma-
tory cytokine that recruits leucocytes into sites of inflammation.
Rapid release from activated platelets leads to deposition of
RANTES on activated endothelia, and induces monocyte and T
cell arrest, followed by transendothelial diapedesis (Figure 1).5
CXCL4, another platelet-derived chemokine, has been reported
to augment the RANTES-mediated chemotaxis and vice versa,
potentially through the formation of CXCL4–CCL5 heterodimers.6
RANTES is also highly expressed within the atheroma, where it
colocalizes with T cells, monocyte-derived macrophages, and
smooth muscle cells (Figure 1).7 Animal studies have highlighted
the pro-atherogenic effects of both RANTES and its receptor
CCR5: targeted disruption of the RANTES receptor CCR5,
present on both plaque-resident and circulating leucocytes as
well as on endothelial cells, reduced advanced atherosclerotic
lesions in mice.6 In parallel, pharmacological blockade using the
antagonizing antibody MET-RANTES diminished atherosclerosis
and decreased both mononuclear cell infiltration and the T
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helper 1 (Th1)-type immune response in atherosclerotic mice.6
However, in patients with coronary artery disease (CAD), the
value of plasma RANTES levels remains controversial. In patients
with stable CAD RANTES levels were decreased compared with
healthy controls. 8 In contrast, transiently raised levels of
RANTES were observed in ischaemic patients with unstable
angina compared with patients with stable CAD.9 Therefore, the
value of the RANTES plasma level as a biomarker or prognostic
factor in CAD warrants further investigation.
In this issue of the EHJ Virani and colleagues10 report the inves-
tigation of the association between plasma levels of RANTES and
morphological plaque parameters using MRI in a large cohort of
the Atherosclerosis Risk in Communities (ARIC) study. High-risk
patients with increased carotid intima-media thickness were
Figure 1 Plasma RANTES (regulated upon activation, normal T cell expressed and secreted/CCL5) and atherosclerosis: secretion of
RANTES by activated platelets and expression of its receptor CCR5 on circulating monocytes, T cells and activated endothelial cells
enhance leucocyte arrest and transendothelial diapedesis, thereby promoting plaque development. Virani and colleagues investigated plaque
morphology using magnetic resonance imaing and plaque biology assessing RANTES plasma levels in a large cohort. Their key findings
(blue) indicate the potential of plasma RANTES levels to identify the extent of atherosclerosis as assessed by magnetic resonance imaing. Evalu-
ation of this emerging inflammatory biomarker for risk stratification or potential therapeutic intervention needs to be assessed in future studies.
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selected by carotid duplex ultrasound and underwent carotid MRI.
The authors found that plasma RANTES levels positively corre-
lated with total plaque burden.
Using C-reactive protein as a reference inflammatory biomarker,
the authors describe a weak correlation between C-reactive
protein and RANTES plasma levels. This association, however,
was not reported in patients receiving statins. These findings are
intriguing and necessitate future research to prospectively assess
the effects of statins on both circulating C-reactive protein and
RANTES. Ethnic variations of RANTES levels as described by
Virani and coworkers deserve distinct attention since specificity
and sensitivity may vary markedly. In addition, low plasma
RANTES levels ranging magnitudes below the respective C-
reactive protein levels as well as its limited stability may impede
routine detection of RANTES as a biomarker in CAD. Moreover,
originating to a considerable extent from platelets, ex vivo release
during coagulation of plasma samples may confound results. On
the other hand, the skewed distribution of plasma RANTES and
its putative causative role in experimental atherosclerosis might
redeem some of the impairments to its use as a biomarker.
Since plasma RANTES levels may not reflect its expression
pattern in atherosclerotic lesions, a correlation with the biological
activity of RANTES in atherogenesis remains to be determined.
Therefore, prospective clinical studies correlating circulating
RANTES and C-reactive protein levels with plaque histology and
clinical presentation appear critical for the evaluation of the bio-
logical significance of plasma RANTES levels.
To evaluate RANTES as a therapeutic target in atherosclerosis,
the risk–benefit ratio of RANTES antagonism deserves attention.
Importantly, the atheroprotective effects of MET-RANTES11 in
rodents appear to be outweighed by an impaired systemic
immune response.12 Therefore, CCL5–CXCL4 heterodimers
may emerge as a better therapeutic alternative mediating
reduced monocyte recruitment into the atherosclerotic plaque
and attenuating its growth.13
To date, clinical evidence for a role of RANTES in atherosclero-
sis is scarce. A word of caution along this line comes from current
large-scale genome-wide association studies. In this regard, genetic
evidence substantiating a critical role for RANTES in CAD is
lacking, whereas in type 1 diabetes RANTES single nucleotide poly-
morphisms were found to be associated with RANTES serum con-
centrations and the development of disease.14
Virani and colleagues provide data correlating circulating
RANTES with plaque burden and lipid-core volume (in univariate
analysis). However, a clear association with further features of
unstable plaques was not detected. Unexpectedly, elevated
RANTES plasma levels were associated with a thicker fibrous
cap, suggestive of a more stable plaque phenotype. The limited
spatial and temporal resolution of MRI in pulsating carotid arteries
may, at least in part, explain this shortcoming. Moreover, preselect-
ing patients using duplex ultrasound might have introduced a bias.
Plasma RANTES—a molecular fingerprint of the unstable
carotid plaque? Circulating RANTES levels may help to identify
the extent of atherosclerosis but appear to be of limited value
for the identification of unstable lesions. As an inflammatory bio-
marker, plasma RANTES lags behind C-reactive protein regarding
its biochemical properties and stable correlation with inflam-
mation. Reflecting an intricate pathophysiological process in ather-
osclerosis, however, RANTES may take hold as a biomarker of the
plaque burden in atherosclerosis. Since statins appear to blunt the
observed correlation, broad clinical applicability in patients on this
lipid-lowering medication appears questionable. Moreover, assess-
ment of the prognostic value of circulating RANTES or its signifi-
cance as a therapeutic target warrants future research.
Funding
This work was supported by grants from the Swiss National Science
Foundation 31-114094/1, 310030_130626/1 to C.M.M. and the
University Research Priority Program Integrative Human Physiology at
the University of Zurich.
References
1. Libby P, Ridker PM, Hansson GK. Inflammation in atherosclerosis: from pathophy-
siology to practice. J Am Coll Cardiol 2009;54:2129–2138.
2. Matter CM, Stuber M, Nahrendorf M. Imaging of the unstable plaque: how far
have we got? Eur Heart J 2009;30:2566–2574.
3. Klingenberg R, Hansson GK. Treating inflammation in atherosclerotic cardiovas-
cular disease: emerging therapies. Eur Heart J 2009;30:2838–2844.
4. Elliott P, Chambers JC, Zhang W, Clarke R, Hopewell JC, Peden JF, Erdmann J,
Braund P, Engert JC, Bennett D, Coin L, Ashby D, Tzoulaki I, Brown IJ,
Mt-Isa S, McCarthy MI, Peltonen L, Freimer NB, Farrall M, Ruokonen A,
Hamsten A, Lim N, Froguel P, Waterworth DM, Vollenweider P, Waeber G,
Jarvelin MR, Mooser V, Scott J, Hall AS, Schunkert H, Anand SS, Collins R,
Samani NJ, Watkins H, Kooner JS. Genetic loci associated with C-reactive
protein levels and risk of coronary heart disease. JAMA 2009;302:37–48.
5. von Hundelshausen P, Weber KS, Huo Y, Proudfoot AE, Nelson PJ, Ley K,
Weber C. RANTES deposition by platelets triggers monocyte arrest on inflamed
and atherosclerotic endothelium. Circulation 2001;103:1772–1777.
6. Zernecke A, Shagdarsuren E, Weber C. Chemokines in atherosclerosis: an
update. Arterioscler Thromb Vasc Biol 2008;28:1897–1908.
7. Wilcox JN, Nelken NA, Coughlin SR, Gordon D, Schall TJ. Local expression of
inflammatory cytokines in human atherosclerotic plaques. J Atheroscler Thromb
1994;1 Suppl 1:S10–S13.
8. Rothenbacher D, Muller-Scholze S, Herder C, Koenig W, Kolb H. Differential
expression of chemokines, risk of stable coronary heart disease, and correlation
with established cardiovascular risk markers. Arterioscler Thromb Vasc Biol 2006;26:
194–199.
9. Kraaijeveld AO, de Jager SC, de Jager WJ, Prakken BJ, McColl SR, Haspels I,
Putter H, van Berkel TJ, Nagelkerken L, Jukema JW, Biessen EA. CC chemokine
ligand-5 (CCL5/RANTES) and CC chemokine ligand-18 (CCL18/PARC) are
specific markers of refractory unstable angina pectoris and are transiently
raised during severe ischemic symptoms. Circulation 2007;116:1931–1941.
10. Virani SS, Nambi V, Hoogeveen R, Wassermann BA, Coresh J, Gonzalez II F,
Chambless LE, Mosley TH, Boerwinkle E, Ballantyne CM. Relationship between
circuiting levels of RANTES (regulated on activation, normal T-cell expressed,
and secreted) and carotid plaque characteristics: the Atherosclerosis Risk in
Communities (ARIC) carotid MRI study. European Heart Journal 2011;32:
459–468. First published on 12 October 2010. doi:10.1093/eurheartj/ehq367.
11. Veillard NR, Kwak B, Pelli G, Mulhaupt F, James RW, Proudfoot AE, Mach F.
Antagonism of RANTES receptors reduces atherosclerotic plaque formation in
mice. Circ Res 2004;94:253–261.
12. Makino Y, Cook DN, Smithies O, Hwang OY, Neilson EG, Turka LA, Sato H,
Wells AD, Danoff TM. Impaired T cell function in RANTES-deficient mice. Clin
Immunol 2002;102:302–309.
13. Koenen RR, von Hundelshausen P, Nesmelova IV, Zernecke A, Liehn EA,
Sarabi A, Kramp BK, Piccinini AM, Paludan SR, Kowalska MA, Kungl AJ,
Hackeng TM, Mayo KH, Weber C. Disrupting functional interactions between
platelet chemokines inhibits atherosclerosis in hyperlipidemic mice. Nat Med
2009;15:97–103.
14. Zhernakova A, Alizadeh BZ, Eerligh P, Hanifi-Moghaddam P, Schloot NC,
Diosdado B, Wijmenga C, Roep BO, Koeleman BP. Genetic variants of
RANTES are associated with serum RANTES level and protection for type 1 dia-
betes. Genes Immun 2006;7:544–549.
Editorial 395
